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Abstract 
Background Context: Disc-related sciatica has a prevalence of about 2% in adults, but is rare 
in adolescents. If conservative treatment is unsuccessful, surgery is an option. 
Purpose: The aim of this study was to compare the outcomes of surgery for lumbar disc 
herniation in adolescents with adults in the SweSpine Register.  
Study Design/Setting: Prospective observational study. National Quality Register. 
Patient Sample: This study included 151 patients, aged 18 years or younger, 4,386 patients 
aged 19-39 years and 6,078 patients aged 40 years or older, followed for 1-2 years after 
surgery.  
Outcome measures: The primary outcomes were patient satisfaction and global assessment of 
back and leg pain. Secondary outcomes were visual analog scale (VAS) back pain, VAS leg 
pain, Oswestry Disability Index (ODI), and EuroQol 5-Dimensions (EQ-5D).  
Methods: Financial support has been received from the Swedish Society of Spine Surgeons. 
Statistical analyses were performed with the Welch F-test, the Chi-square test, and the 
Wilcoxon test. 
Results: At follow-up, 86% of the adolescents were satisfied compared to 78% in the younger 
adults and 76% in the older adults group (p<0.001). According to the global assessment, 
significantly decreased leg pain was experienced by 87% of the adolescents, 78% of the 
younger adults and 71% of the older adults (p<0.001). Corresponding figures for back pain 
were 88%, 73% and 70%, respectively (p<0.001). All groups experienced significant post-
operative improvement of VAS leg pain, VAS back pain, ODI and EQ-5D (all p<0.001). 
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Conclusions: The adolescent age group was more satisfied with the treatment than the adult 
groups. There was a significant improvement in all age groups after surgery.  
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Introduction 
Disc-related sciatica has a prevalence of about 2% in adults, but is rare in adolescents
1
. Pain 
relief occurs within 8 weeks of conservative, non-surgical, treatment in 80% of the cases
2
. 
When non-surgical treatment fails, surgery gives relief from symptoms
3 4
. The incidence of 
surgery varies worldwide 
5
. In Sweden, approximately 20 per 100,000 individuals per year 
undergo surgery for a herniated lumbar disc at a median age of 40 years
6 7
.  
 
There have been only a few studies on lumbar disc herniation in children and adolescents, and 
all are retrospective
8-16
. The indications for surgical treatment of lumbar disc herniation in 
adolescents are generally: no improvement of severe pain with conservative treatment, 
disabling pain that affects daily activities, cauda equina syndrome, or progressive neurological 
deficits
17
. This is similar to the indications for surgery in adults. The time from onset of 
symptoms to diagnosis and surgical intervention is longer among adolescents than among 
adults
10 18
. This time could possibly be shortened if clinicians felt more confident in 
identifying and surgically intervening in cases of symptomatic lumbar disc herniation in 
adolescents. 
 
We hypothesized that adolescents have a similar outcome of surgery as adults. In this study, 
based on prospectively collected data from the Swedish Spine Register (SweSpine), we 
compare the short term outcomes after surgery for lumbar disc herniation in adolescents with 
adults.  
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Methods 
Participants 
The SweSpine Register has included individuals treated with surgery for lumbar disc hernias 
since 1993
6
, with the aim of studying outcomes after spine surgery. In Sweden, lumbar disc 
hernia surgery is performed by orthopaedic spine surgeons, who treat patients of all ages, and 
there are, therefore, no paediatric spine surgeons. During the last decade, the number of 
departments participating in the registry has varied between 35 and 39 out of the 42 to 45 
departments providing spinal surgery services in Sweden. All departments and patients 
participate voluntarily. At the time of admission, the surgeon records data consisting of 
information on diagnosis and type of surgery. Any reoperations on the same spinal level were 
registered by the surgeon performing the reoperation, and data were available for a follow-up 
time up of two years for all cases. 
 
Patients operated on for lumbar disc herniation through March 2011 were included in this 
study. Exclusion criteria included other diagnoses than lumbar disc hernia, missing age or 
date of surgery, previous spine surgery, surgery other than discectomy only, or missing 
outcome data. If two-year data was not available one-year data was used. From a perspective 
of results, one- and two-year data are similar
6
. Two-year data was used in 8,290 patients and 
one-year data was used in 2,325 patients, corresponding to a mean follow-up of 1.8 years. The 
10,615 total patients were divided into three age groups: adolescents (18 years or younger), 
younger adults (19-39 years) and older adults (40 years and older) (Figure 1). The proportion 
of patients with one-year data was 26% in the adolescent group, 25% in the younger adult 
group and 20% in the older adult group.  
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Outcomes 
The primary outcomes were patient satisfaction and global assessment of back and leg pain. 
Secondary outcomes were visual analog scale (VAS) leg pain, VAS back pain, Oswestry 
Disability Index (ODI) and EuroQol 5-Dimensions (EQ-5D). 
 
The preoperative patient self-assessment questionnaire in the SweSpine Register includes 
VAS for leg and back pain
19
, scoring from 0 (no pain) to 100 (worst possible pain). The back-
specific ODI 
20
, scoring from 0 (best possible back function) to 100 (worst possible back 
function), and the general health questionnaire EQ-5D
21 22
, scoring from -0.59 (worst possible 
health) to 1.0 (best possible health). The ODI and EQ-5D were added to the questionnaire 
from the year 2000 forward.  
 
Identical questionnaires are mailed to the patient at the 1- and 2-year follow-ups, and also 
includes questions on satisfaction and global assessment of leg and back pain
23
. The 
satisfaction question is formulated as ‘Are you satisfied with the surgical result?’ The three 
possible answers were dichotomized into ‘Satisfied’ vs ‘Uncertain’ and ‘Dissatisfied’. The 
global assessment of leg pain was formulated ‘How is your leg pain today when compared to 
before surgery?’ The five answer alternatives were dichotomized into ‘Pain free’ and ’Much 
better’ vs ‘Somewhat better’, ‘Unchanged‘, or ‘Worse’. The global assessment question for 
back pain was treated in a similar way.  
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Statistics  
To evaluate dichotomous variables in contingency tables, the Pearson Chi
2
-test was used. In 
the case of group comparisons of dependent continuous variables, the Welch F-test analysis of 
variance was used since group sizes and many variances were unequal. Analysis of 
covariance (ANCOVA) was used for group comparisons when the possible covariates sex, 
smoking, type of disc herniation (central/paramedian) and duration of preoperative pain (leg 
or back pain; less than 3 months vs 3 months or more) were included in the analysis. The 
Wilcoxon signed ranks test was used to analyze continuous dependent variables within 
groups. In case of missing data, cases were excluded analysis by analysis. VAS leg pain, VAS 
back pain, ODI and EQ-5D were non-normally distributed. Descriptive data for these and 
other continuous variables are presented as median (25
th
, 75
th
 percentile, and range). 
Dichotomous data are presented as number (%). All statistical analyses were performed with 
SPSS, version 22. A p-value of <0.05 was considered significant.  
 
Analysis of non-responders 
In a drop-out analysis we compared age, sex, type of disc herniation, and preoperative 
duration of back and leg pain, and the proportion of smokers in the study sample (responders) 
with the patients without outcome data (non-responders). The differences were small and in 
most studied variables without statistical significance.  However, the non-responders in the 
adolescent group had a longer duration of back pain (p=0.038) compared to the responders. 
The non-responders in the younger adult group were in median 0.7 years younger (p<0.001), 
had a lower proportion of women (p<0.001), a higher proportion of central disc herniations 
(p=0.001), and a higher proportion of smokers (p<0.001) compared to the responders. The 
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non-responders in the older adult group were in median 2.3 years younger (p<0.001), and had 
a higher proportion of smokers (p<0.001) compared to the responders. 
 
Study approval 
All patients gave consent to participate in the SweSpine Register. Approval of this study has 
been obtained from the Ethical Review Board in Stockholm (number 2012/206-31/1) and 
from the board of the Swedish Society of Spine Surgeons, the organization responsible for the 
SweSpine Register (www.4s.nu). 
 
Results 
The youngest patient was 12 years and the oldest was 90 years at the time of surgery. Age, 
sex, proportion of smokers, operated levels and preoperative duration of back and leg pain in 
the different groups are shown in Table 1. Adolescents had a significantly longer period of 
back and leg pain before surgery than in the adult groups. There was a higher proportion of 
females and lower proportion of smokers among the adolescents than in the adult groups. 
Preoperatively, VAS for leg pain and back pain did not differ significantly between the groups 
(p=0.37 and p=0.18, respectively; Figure 2). Preoperatively, ODI was lower and EQ-5D was 
higher in the adolescent group (p<0.001 for both comparisons; Figure 2). 
 
Postoperative satisfaction and global assessment were higher among adolescents than in the 
other two groups (p<0.001 for all comparisons; Table 2). Adjustment for sex, smoking, type 
of disc herniation and duration of preoperative pain did not change the outcomes substantially 
(Table 2). VAS leg pain, VAS back pain, ODI, and EQ-5D improved significantly after 
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surgery in all groups (p<0.001 for all comparisons; Figure 2). Adolescents had lower VAS, 
both for leg and back pain, lower ODI and higher EQ-5D at follow-up after surgery than the 
adult groups (p<0.001 for all comparisons; Figure 2). Adjustment for sex, smoking, type of 
disc herniation and duration of preoperative pain did not change the outcomes substantially 
(data not shown).  
 
When analyzing each of the ten ODI questions and the five EQ-5D dimensions separately, the 
adolescents had significantly better scores when compared to the adult groups both 
preoperatively and at the follow-up, with the exception of the dimension “usual activities” in 
EQ-5D postoperatively, which did not differ significantly between the age groups (data not 
shown). 
 
The number of reoperated patients within two years from surgery was 3 out of 151 (2%) 
among adolescents, 198 out of 4,386 (5%) among the younger adult group and 237 out of 
6,078 (4%) in the older adult group (p=0.12).  
 
In addition, all analyses for primary and secondary outcomes were also performed after 
exclusion of the patients with only one-year data, and we found that the outcome results did 
not differ substantially (data not shown). 
 
  
11 
 
 
Discussion 
This study provides the first prospective results of surgery for lumbar disc herniation in 
adolescents. Lumbar disc herniation in adolescents is rare, and the proportion in this material 
was only 1.4%. The outcome comparisons showed that adolescents operated on for lumbar 
disc herniation were more satisfied after surgery than adults operated on for the same 
condition. All age groups had significant changes for the better after surgery. 
 
Satisfaction and global assessment scales aggregate all important dimensions experienced by 
the patient and give a reliable assessment of outcome
23
. There was a significant better 
outcome with surgery for adolescents, compared to the adult groups. These results are 
supported by a review by Lavelle et al.
18
, who reported that more than 90% of adolescents 
experienced good or excellent outcome after one year, and that they seemed to have better 
results than adults.  
 
VAS scores changed significantly in all groups and the changes were well above suggested 
thresholds for minimal clinical important differences (MCID) for both leg and back pain
24
. 
They were also above the thresholds of 23 mm for back pain and 58 mm for leg pain 
corresponding to a patient self-reported outcome of ‘much better’ 25. The changes in ODI in 
all groups exceeded the suggested thresholds of 13-20% for substantial clinical benefit of the 
treatment
26-28
.  
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At a mean 1.8 years after surgery, the mean EQ-5D scores in the present study were 0.82 for 
adolescents, 0.73 for younger adults, and 0.70 for older adults. In an unpublished population-
based sample of children and adolescents (n=48) aged 10-18 years, collected at our 
institution, the EQ-5D index was 0.95. Corresponding population-based mean values for 
younger adults is 0.88, and for older adults 0.83
29
. Solberg et al. suggested that even though 
the EQ-5D had very low sensitivity and specificity values in their tests, the MCID for EQ-5D 
is 0.3
26
. The change in EQ-5D for all groups exceeded this threshold. Hence, even if surgical 
treatment for lumbar disc hernia improves the general quality of life, patients do not recover 
to ‘normal’ levels.  
 
The risk of reoperation in adolescents was the same as in adults in our study and was similar 
to, or even lower than, the 5% rate reported during a 1-year follow-up of children treated at a 
specialized children’s hospital10. 
 
There was a predominance of women in the youngest age group. It can be speculated that this 
is due to an earlier reached maturity in women compared to men. Similar findings have been 
reported
18
, but not all reports concur
9 12
.  
 
This study has at least three major limitations; the lack of a non-surgically treated group, the 
short term follow-up, and the lack of validated questionnaires for adolescents. 
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SweSpine does not contain information on outcome for non-surgically treated patients. Dang 
et al.
17
 found that most authors agreed that the result of conservative, non-surgical, treatment 
in adolescents is not as effective as it is in adults, and that no improvement of severe pain 
after 4-6 weeks of conservative treatment among adolescents should be an indication for 
surgery. Despite this, Cahill et al.
10
 reported that the mean time from onset of pain to surgical 
treatment was 12 months in adolescents and that the time was prolonged due to attempts with 
conservative treatment. Previous studies on adults have suggested that a longer duration of 
pain may be associated with poor outcome, however not all studies concur
30-32
.  
 
The mean follow-up time in this first prospective study of lumbar disc hernia surgery at youth 
was 1.8 years. Retrospective reports suggest that the results deteriorate with time
13 14 17 33
. 
There is therefore a need for longer prospective studies. This will be possible to do in the 
SweSpine Register.  
 
The outcomes used in this study have not been validated for adolescents. The SweSpine 
Register covers various diagnoses and patient ages. All clinics participate on a voluntary 
basis. For simplicity, the use of questionnaires has to be fairly uniform. An increase in the 
number of questionnaires, or distributing different versions to adolescents and adults, might 
introduce problems for the clinics and subsequently decrease the response rates. The primary 
outcomes were chosen since we believe that they were easily interpreted by adolescents and 
therefore the most reliable. All outcome variables improved in a similar way in all groups, 
which may indicate internal validity also in the group of adolescents. The ODI was 
constructed for adult patients with degenerative spinal disorders
20
, and some questions may 
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not be applicable for all patients and ages. However, if a question is not answered a result can 
still be calculated. 
 
We cannot determine whether the reason for better results for adolescents could be due to a 
better patient selection in this group, or unmeasured confounders. Adjustment for possible 
confounders did not change the results substantially.  
 
In addition, orthopaedic spine surgeons in Sweden operate on all age groups, making it 
unlikely that surgeon experience and education differed between adolescents and adults 
patients.  
 
The use of a nationwide registry with very high coverage gives external validity to the 
findings. The response rate for any one- or two-year follow-up data was 81%. Solberg et al.
34
 
studied whether a loss to follow-up would bias the outcome evaluation of patients operated on 
for degenerative disorders of the lumbar spine. They found that a follow-up rate of 78% 
would not bias conclusions of overall treatment effects. They also found that there were no 
indications of worse outcomes in non-respondents. Some baseline differences between the 
non-responders and the responders were found in this study. The directions of these 
differences and therefore, their possible effect on outcome were not consistent. For example, 
the non-responders in the adult groups were younger, but also smoked to a larger extent. We 
therefore believe that the conclusions of the overall treatment effects in the present study are 
representative. 
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The age cut-off for the group of adolescents can be discussed. At the age of 18, skeletal 
maturity has been reached by both males and females. The same age cut-off, or even higher, 
has been used by others
9 10
. The next cut-off, 40 years, coincides with the median age of 
surgery for lumbar disc hernia. Younger adults have less disc degeneration in general than 
older adults
35 36
 and might be a better comparison to the group of adolescents. The differences 
in the primary outcome variables were, in general, also smaller between adolescents and the 
younger adults than between adolescents and the older adults.  
 
In summary, surgery for lumbar disc herniation among adolescents gives a high rate of 
satisfaction, which was even higher than in adults. There was a clinically relevant 
improvement in all age groups, but patients still did not reach the level of the general quality 
of life in the normal population. Future studies should include comparison between 
conservative treatment and surgery for adolescents, as well as longer-term follow-ups. 
However, surgery for lumbar disc herniation in adolescents, with the same indications as for 
adults, could be considered as an effective option to conservative treatment.  
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Tables 
Table 1. Characteristics of the three age groups at time of surgery. Data given as median (25
th
, 
75
th
 percentile) or as number (%). P-values are given for the Pearson Chi
2
-test for the 
differences between the three groups. Numbers in the table do not always correspond to group 
numbers due to missing data.  
 Age <18 years 
(n=151) 
Age 19-39 years 
(n=4,386) 
Age ≥40 years 
(n=6,078) 
P-value 
Age (years) 17.8 (16.7,18.5) 33.9 (29.7,37.1) 50.1 (44.5,58.2) - 
Number of women 76 (50%) 1,918 (44%) 2,796 (46%) p=0.030 
Operated level 
L4-L5 
L5-S1 
Other level, unknown level or 
multiple levels 
 
70 (46%) 
72 (48%) 
9 (6%) 
 
1,471 (34%) 
2,601 (59%) 
314 (7%) 
 
2,617 (43%) 
2,583 (43%) 
878 (14%) 
 
 
 
p<0.001 
Type of disc herniation  
Paramedian 
Central 
 
141 (93%) 
10 (7%) 
 
4,014 (92%) 
372 (8%) 
 
5,510 (91%) 
568 (9%) 
 
 
p=0.19 
Duration of back pain  
<3 months of pain 
>3 months of pain 
 
15 (13%) 
103 (87%) 
 
467 (14%) 
2,961 (86%) 
 
773 (17%) 
3,856 (83%) 
 
 
P=0.001 
Duration of leg pain  
<3 months of pain 
>3 months of pain 
 
15 (12%) 
112 (88%) 
 
620 (17%) 
2,959 (83%) 
 
985 (20%) 
3,938 (80%) 
 
 
p=0.001 
Smoking status  
Smoker 
Non-smoker 
 
10 (8%) 
116 (92%) 
 
689 (19%) 
2,858 (81%) 
 
1,139 (23%) 
3,775 (77%) 
 
 
p<0.001 
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Table 2. Satisfaction and global assessment one to two years after surgery. Data are given as 
number (%). Unadjusted P-values are given for the Pearson Chi
2
-test, and adjusted p-values 
for analysis of covariance after adjustment for sex, smoking, type of disc herniation and 
duration of preoperative leg and back pain for the differences between the three groups. 
Numbers in the table do not always correspond to group numbers due to missing data.  
 Age <18 years 
(n=151) 
Age 19-39 years 
(n=4,386) 
Age ≥40 years 
(n=6,078) 
Unadjusted 
p-value 
Adjusted p-
value 
Satisfaction  
Satisfied 
Uncertain/dissatisfied 
 
128 (86%) 
21 (14%) 
 
3,362 (78%) 
925 (22%) 
 
4,479 (76%) 
1,436 (24%) 
 
 
p<0.001 
 
 
p=0.043 
Global assessment leg pain
a
 
Pain free/Much better 
Somewhat better/unchanged/worse 
 
130 (87%) 
20 (13%) 
 
3,337 (78%) 
951 (22%) 
 
4,191 (71%) 
1,691 (29%) 
 
 
p<0.001 
 
 
p<0.001 
Global assessment back pain
b
 
Pain free/Much better 
Somewhat better/unchanged/worse 
 
120 (88%) 
17 (12%) 
 
3,025 (73%) 
1,108 (27%) 
 
3,959 (70%) 
1,714 (30%) 
 
 
p<0.001 
 
 
p<0.001 
a
There were 0 adolescents, 43 younger adults and 94 older adults that did not experience leg pain before surgery.  
b
There were 12 adolescents, 189 younger adults and 312 older adults that did not have back pain before surgery.  
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Figures 
Figure 1. Flow chart of the patients in the study. A total of 10,615 patients were divided into 
three groups: adolescents (18 years or younger), younger adults (19-39 years) and older adults 
(age 40 years and older). 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Individuals treated with surgery for 
lumbar disc herniation in the SweSpine 
Register 
n = 17,186 
 Age or date of surgery unknown  
n=156 
Surgery other than discectomy only 
n=2,434 
n = 17,030 
 
Previous surgery 
n=1,535 
 
n = 14,596 
n = 13,061 
 
Outcome data missing 
n=2,446 
 Study sample 
n=10,615 
 
Age 18 or younger 
n=151 
Age 19-39 
n=4,386 
Age 40 or older 
n=6,078 
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Figure 2. Comparison of secondary outcomes preoperatively and at follow-up. The Welch F-
test was used for group comparisons and the Wilcoxon signed ranks test was used for changes 
within groups. Preoperatively, adolescents had similar VAS leg pain (p=0.37) and VAS back 
pain (p=0.18), while ODI was significantly lower (p<0.001) and EQ5D was significantly 
higher (p<0.001) when compared to the adult groups. All groups experienced significant 
improvement in all outcome variables (p<0.001 for all comparisons). At follow-up, 
adolescents had significantly lower VAS leg pain, VAS back pain and ODI, and higher EQ-
5D than the adult groups (p<0.001 for all comparisons). The boxes show median and 
interquartile ranges; inner fences represent minimum and maximum values, or 1.5 times the 
interquartile range. Outliers are indicated. N=number of patients available in each group. 
 
